A seed-specific transcriptional regulator, VP1, is required for the induction of ABA-regulated genes that include Lea (late embryogenesis abundant protein) genes. Although the induction of one rice Lea gene, Osem, by ABA is normally restricted to seed tissues, we found that the expression was strongly induced by ABA in the Oc line of rice suspension-cultured cells. Since this observation suggested that rice VP1 (OSVP1) protein or a functionally similar protein might be expressed in the cultured cells, we analyzed the expression of Osvpl in these cells at both the mRNA and the protein level, we detected Osvpl mRNA and OSVP1 protein in the cultured cells at levels similar to or higher than those in developing embryos. In the cultured cells, neither the level of total cellular OSVP1 nor that of nuclear OSVP1 protein was affected by ABA. Based on the results, the mechanism for the transcriptional regulation of VPl-dependent ABA-inducible genes is discussed.
During the late phase of seed development in cereal plants, the embryo and the aleurone tissue undergo a maturation process whereby each becomes dormant or quiescent and acquires the ability to tolerate desiccation. In maize, the accumulation of anthocyanin occurs in the aleurone and scutellar tissues during this maturation phase. The phytohormone abscisic acid (ABA) plays key roles in the control of these events. The maturation process is associated with the accumulation of characteristic sets of mRNAs and proteins, which are products of the so-called Lea (/ate embryogenesis abundant protein) genes (Baker et al. 1988, Skriver and Mundy 1990) . ABA has been shown to be required for the induction of Lea genes (Berge et al. 1989 , Espelund et al. 1992 , Marcotte et al. 1989 , Mundy and Chua 1988 , Pla et al. 1989 , Skriver and Mundy 1990 , Ulrich et al. 1990 , Yamaguchi-Shinozaki et al. 1989 ). The viviparous-1 (ypl) mutant of maize has been characterAbbreviations: DAF, days after flowering; DAPI, 4,6-diamido-2-2-phenylindole dihydrochloride; FITC, fluorescein isothiocyanate; IPTG, isopropyl-l-thio-/?-galactoside; PBS, phosphate-buffered saline; PIPES, 1,4-piperazinediethanesulfonicacid. 3 For correspondence (FAX +81 592 31 9048) .
ized as an ABA-insensitive mutant in which various events during the seed maturation are blocked (Robichaud et al. 1980) . At the molecular level, the vpl mutant fails to accumulate mRNAs transcribed from ABA-regulated Lea genes, such as Rabl 7 (Pla et al. 1989 ) and the maize homologue of the wheat Em gene (McCarty et al. 1991) , as well as from the gene for globulin storage protein (Glbl; Kriz et al. 1990 ). Vpl has also been shown to control the steady-state level of the mRNA for the anthocyanin regulatory gene Cl, which encodes a myb-like transcriptional factor that acts on the promoters of genes for enzymes in the anthocyanin biosynthetic pathway (McCarty et al. 1989) .
The Vpl gene has been cloned and shown to encode a novel type of transcriptional activator (McCarty et al. 1989 (McCarty et al. , 1991 . The ABB gene of Arabidopsis has been suggested to be functionally homologous to Vpl in view of the sequence similarities and the analogous phenotypes of the corresponding mutants (Giraudat et al. 1992) . Osvpl, the rice homologue of Vpl, has been cloned and shown to regulate the transcription of the Osem gene (the rice homologue of the wheat Em gene; Hattori et al. 1994 ). The expression of Vpl and ABB is developmental^ regulated and specific to seed tissues. It has been postulated that ABA-responsive transcription in seed tissue is specified by (OS)VP1/ABI3 [the symbol (OS)VPl (with parentheses) is used herein to denote both the rice and the maize VP1 protein]. This hypothesis is strongly supported by the results of experiments with transgenic Arabidopsis. Although the expression of the wheat Em gene has been reported to be induced by ABA in tissues of young plants, as well as in the embryo (Berge et al. 1989) , the expression of the homologues of Em in other plant species, including rice, maize and Arabidopsis, has been shown to be seed-specific (Finkelstein 1993 , Gaubier et al. 1993 , Hattori et al. 1995 , Williams et al. 1991 . Parcy et al. (1994) demonstrated that transgenic Arabidopsis that ectopically expressed ABB also expressed AtEml, the Arabidopsis homologue of Em, and other seed-specific genes were induced in non-seed tissues in response to ABA. Analyses of the Cl and Osem promoters in the maize and rice cells, respectively, revealed that the sequences required for regulation by ABA overlap with those required for regulation by (OS)VPl (Hattori et al. 1992 (Hattori et al. , 1995 . These observations suggest that the ABA-signaling pathway is coupled with regulation by VP1 upon these cisacting sequences or places the regulation by VP1 down-
355
Downloaded from https://academic.oup.com/pcp/article-abstract/37/3/355/1931061 by guest on 02 January 2019 stream of the pathway. Since (OS)VPl produced in E. coli or in vitro fails to bind to these cis-acting sequences in vitro, it has been suggested that (OS)VPl functions by interacting with some factor(s) that binds directly to these sequences. These observations imply that the ABA signal should be transmitted to either the VPl protein or a putative factor(s) that interacts with VPl (Hattori et al. 1992 (Hattori et al. , 1995 . Conceivable effects of the ABA signal on either the VPl protein or the putative factor include effects on the level of the protein, its nuclear localization, its interaction with a third factor and modification of the protein, for example, phosphorylation. Currently, it is only possible to examine whether any change in VPl protein occurs in response to ABA. However, to date, there have been no investigations of the state of the VPl protein in vivo. Cultured cells would be useful for experiments designed to examine these issues, if such cells were to express functional (OS)VP1/ABI3 because the exclusive expression of Vpl (0svpl)/ABI3 in developing seeds limits the availability of experimental materials and makes it difficult to examine the dependence on ABA.
In the present paper, we report the expression of Osvpl in a rice cultured cell line, Oc, and the effects of ABA on the level and subcellular localization of the OSVP1 protein.
Materials and Methods
Plant materials-Rice plants (Oryza sativa, L. cv. Nipponbare) for the preparation of RNA and protein extracts from shoot and root tissues were grown on vermiculite in a growth chamber. Plants grown in soil in pots under outdoor conditions were used for dissection of embryos from developing and mature seeds. Treatment with ABA was performed as described previously (Hattori et al. 1995) . Rice suspension-cultured cells (line Oc; Baba et al. 1986, Kyozuka and Shimamoto 1991) were used for each experiments 3 or 4 days after subculture.
Isolation of total RNA and hybridization analysis-Total RNA was isolated as described by De Vries et al. (1988) . Total RNA, after fractionation on a 1.2% agarose gel that contained 0.66 M formaldehyde, was transferred to a nylon membrane filter (Zetaprobe; BioRad, Hercules, CA, U.S.A.) by capillary action in 10 x SSC (1.5 M NaCl, 0.15 M sodium citrate).
32 P-labeled DNA probes were generated by random primer extension. Hybridization was carried out at 42°C in a solution that contained 5 x SSPE [50 mM sodium phosphate (pH 7.4), 0.75 M NaCl, 5 mM EDTA], 5xDenhardt's solution, 1% SDS, 50% formamide and 20n% ml~' denatured salmon sperm DNA, and washing under highstringency condition was performed at 55°C in 0.1 x SSC (15 mM NaCl, 1.5 mM sodium citrate) that contained 0.1% SDS. After washing, the filter was exposed to a X-ray film (X-AR; Kodak, Rochester, NY, U.S.A.).
Extraction of protein-Plant material was ground in liquid nitrogen, and protein was extracted with an equal volume of loading buffer for SDS-PAGE [100 mM Tris-HCl (pH 6.8), 4% SDS, 10% 2-mercaptoethanol, 20% glycerol] and heated at 90°C for 3 min. Cell debris was removed by centrifugation at 15,000 xg for 5 min and the supernatant was used for immunoblotting experiments.
SDS-polyacrylamide gel electrophoresis and immunoblotting
-SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed essentially as described by Laemmli (1970) . Protein extracts, after fractionation by SDS-PAGE, were electrophoretically transferred from the gel to a nitrocellulose filter (Bio-Rad) using a Trans-Blot SD cell (Bio-Rad) in accordance with the manufacturer's instructions. Immunological detection of OSVP1 protein was performed using an Immun-Blot alkaline phosphatase assay system (Bio-Rad). To reduce the intensity of non-specific signals, the filter was incubated with 3% gelatin in TBS [Tris-buffered saline: 20 mM Tris-HCl (pH 7.5), 500 mM NaCl] for 1 h, and then incubated with rabbit antiserum against OSVP1 in TBS that contained 1% gelatin and 0.05% Tween-20 at a dilution of 1 : 500 for 1-2 h. After reaction with the antiserum, the filter was washed twice with TBS that contained 0.05% Tween-20 for 5 min. Then the filter was incubated with alkaline phosphatase-conjugate second antibody (Bio-Rad) in TBS that contained 1% gelatin and 0.05% Tween-20 at a dilution of 1 : 3,000 for 1 h. After two washes with TBS that contained 0.05% Tween-20, the filter was stained for alkaline phosphatase activity with nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate in 100 mM Tris-HCl (pH 9.5). Pre-stained and unstained molecular mass standards were purchased from Bio-Rad (pre-stained SDS-PAGE standard, broad range) and Pharmacia (electrophoresis calibration kit, high molecular weight; Uppsala, Sweden) respectively. Subcellular fractionation-Protoplasts were prepared from the rice cell line Oc as described elsewhere (Kyozuka and Shimamoto 1991, Hattori et al. 1994) . Pelleted protoplasts were resuspended in NEX buffer [25 mM Tris-HCl (pH 7.5), 5 mM MgCl 2 , 2.5% Ficoll, 5% dextran T40, 0.4% Triton X-100, 0.44 M sucrose, 0.07% 2-mercaptoethanol, 0.5 mM phenylmethylsulfonyl fluoride] and were mechanically ruptured by several passages through a 25-gauge needle. The cell lysate was centrifuged at 3,000 x g for 10 min, and the resulting supernatant and precipitate were designated the post-nuclear fraction and the crude nuclear fraction, respectively. Numbers of intact nuclei in the lysate and in each fraction were counted in a haemocytometer under a fluorescence microscope (Axioscop; Carl Zeiss, Oberkochen, Germany) in the presence of 4,6-diamido-2-2-phenylindole dihydrochloride (DAPI).
Expression of OSVP 1-fusion proteins in E. coli-An expression vector pT7-zlN-OSVPl that directed the production of the carboxyl-terminal half of the OSVP1 protein fused to the carboxyl-terminal of gene 10 protein of T7 phage was constructed by subcloning a Sacl/EcoRl fragment of Osvpl cDNA (Hattori et al. 1994) , which corresponded to amino acid residues 329 to 728 of OSVP1, into an E. coli expression plasmid, pGEMEX-1 (Promega, Madison, WI, U.S.A.) between the Sad and EcoRl sites. Plasmid pHisTag-OSVPl, which directed the expression of a fusion protein that consisted of the entire OSVP1 protein and a leader peptide of 21 amino acids that contained a stretch of histidine residues (HisTag) was produced as follows. A polymerase chain reaction was performed to create a Ndel site at the initiation codon of Osvpl, using the oligonucleotide primer 5'-tccatATGGACGCCTCCGCCGGCT-3', the M13 universal primer, Osvpl cDNA (Hattori et al. 1994) as template, and Pfu DNA polymerase (Stratagene, La Jolla, CA, U.S.A.). The product of PCR was digested with Nde and BamHl and subcloned into the Ndel and BamHl sites of pET16b (Novagen, Madison, WI, U.S.A.) to produce pHisTag-OSVPl. These expression plasmids were used to transform E. coli BL21 (DE3) cells for the production of the fusion proteins. The expression of fusion proteins was induced by addition of isopropyl-l-thio-/?-galactoside (IPTG) to a final concentration of 0.4 mM.
Production and purification of antibodies-Since the T7-4N-OSVP1 fusion protein produced in E.coli was insoluble, the fusion protein was purified by differential centrifugation and subsequent preparative SDS-polyacrylamide gel electrophoresis. Slices of polyacrylamide gel containing T7-21N-OSVP1 protein were ground with a mortar and pestle and homogenized with an equal volume of PBS (phosphate-buffered saline: 140 mM NaCl, 2.7 mM KC1, 8.1 mM Na 2 HPO 4 , 1.5 mM KH 2 PO 4 ). Two female rabbits (cv. New Zealand white, closed colony; 12 weeks old) were immunized by subcutaneous injection of 2 ml of an emulsion composed of equal volumes of complete Freund's adjuvant and the gel homogenate. Two supplemental injections were given similarly at 20-to 30-day intervals. Ten days after the final injection, blood was collected and the serum was obtained. OSVP1-specific antibodies were purified by immuno-affinity adsorption to T7-JN-OSVP1 protein that had been immobilized on nitrocellulose filters as described previously (Olmsted 1981 , Sambrook et al. 1989 .
Immunocytochemical staining-Rice protoplasts, prepared as described above, were fixed in a solution of 10% formaldehyde, 25 mM PIPES-KOH (pH 6.8), 0.5 mM MgSO 4 , 2.5 mM EGTA, 0.4 M mannitol and 0.5% glycerol for 1 h at room temperature. After rinsing with PBS, the protoplasts were placed on a polylysine-coated slide, treated with PBS that contained 1% Nonidet P-40 for 15 min at room temperature, and washed three times with PBS. Then the slide was incubated with PBS that contained 1% BSA for 30 min, incubated with affinity purified OSVP1-specific antibodies in PBS that contained 1% BSA at a dilution ratio of 1 : 50 for 2 h, washed three times with PBS, and then incubated with FITC-conjugate of anti-rabbit IgG (Cappel, Durham, NC, U.S.A.) at a dilution of 1 : 50 in PBS-1% BSA for 1 h. After three washes with PBS, the protoplasts were stained with DAPI, embedded in PBS that contained 0.1%p-phenylenediamine dihydrochloride and 80% glycerol and observed under a fluorescence microscope (Axioscop; Carl Zeiss).
Results
Expression ofOsem is induced by ABA in rice suspension-cultured cells-As reported previously (Hattori et al. 1995) , the results of the RNA gel blot hybridization experiment shown in Figure 1 confirmed that the expression of Osem is restricted to embryonic tissues and is not induced by ABA in vegetative tissues (Fig. 1) . The effectiveness of treatment with ABA of the root and shoot tissues in the experiment for which results are shown in Figure 1 was confirmed by reprobing the RNA blot filter with another ABAinducible gene, Rabl6A, which is not seed-specific (data not shown). Although the expression of Osem was embryospecific, it was strongly induced by ABA in the rice suspension-cultured cells (cell line Oc; Fig. 1 ), as predicted from the observation that transient expression of /?-glucuronidase (GUS) gene fused to the Osem promoter was strongly induced by ABA in protoplasts derived from the Oc cells (Hattori et al. 1995) . In maize, the expression of the Em homologue is strictly dependent on a functional Vpl allele (McCarty et al. 1991) . Given that the expression of both Osem and Osvpl is specific to seed tissues in rice, and that the Osem promoter is activated by OSVP1, we would also expect the expression of Osem to require the functional Osvpl product. Thus, the observation that Osem was induced in Oc cells prompted us to examine whether Osvpl is expressed in these cells at both the mRNA and the protein level.
Production of recombinant OSVP1 proteins and antibodies against OSVP1-To analyze the expression of the OSVP1 protein in vivo, we produced modified OSVP1 in E. coli and raised antibodies against the recombinant protein. We constructed two expression plasmids, pT7-IN-OSVP1 and pHisTag-OSVPl (Fig.2A) . The former directed expression of a recombinant protein in which the carboxyl-terminal half of OSVP1 was fused to the aminoterminal 260 amino acids of the gene 10 protein of T7 phage (T7-/4N-OSVP1). The latter directed expression of a recombinant protein in which the entire OSVP1 polypeptide was fused to a leader peptide of 21 amino acids that contained a stretch of histidine residues (HisTag-OSVPl). Synthesis of the specific polypeptides was induced in E. coli that harbored these expression plasmids by addition of IPTG (Fig. 2B) . On SDS-PAGE, the fusion proteins, T7-.dN-OSVPl and HisTag-OSVPl migrated with apparent molecular masses of approximately 72 kDa and 105 kDa, respectively. The values were substantially greater than the calculated values (67.2 kDa for T7-4N-OSVP1 and 78.1 kDa for HisTag-OSVPl). Such an abnormal electrophoretic mobility was also observed with maize VP1 (McCarty et al. 1991) and Arabidopsis ABI3 (Parcy et al. 1994 ). The discrepancy was more significant for HisTag-OSVPl, which contained the entire OSVP1 protein, than for T7-Z1N-OSVP1, which lacked the amino-terminal half of OSVPl. The observations were consistent with the hypothesis that the highly acidic amino-terminal region contributes to the abnormal migration of the protein ( al. 1991).
Since T7-.dN-OSVPl was more abundantly expressed than HisTag-OSVPl, T7-4N-OSVP1 was purified by SDS-PAGE and used as an antigen to raise antibodies in rabbits (see Materials and Methods). Figure 3A shows the immunological detection of OSVP1 protein with the rabbit OSVP1-specific antiserum. The major polypeptides detected by the antibodies in extracts of E. coli cells that expressed T7-4N-OSVP1 and that expressed HisTag-OSVPl comigrated with the corresponding fusion proteins shown in Figure 2 . A major band with approximately the same mobility as that of HisTag-OSVPl was detected in an extract of rice developing embryos by these antibodies. both the mRNA and the protein level-RNA gel blot analysis, as shown in Figure 3B , revealed that Osvpl was expressed in Oc cells, as predicted from the observation that Osem was induced by ABA in these cells. The relative level of Osvpl mRNA was higher in the cultured cells than in the developing embryo. OSVP1 protein was also detected in the cultured cells at approximately the same relative level as that in the developing embryo. OSVP1 in extracts of the cell line was sometimes detected as a doublet band by the antibodies. The origin of the extra band is unknown. Figure 4A shows the results of immunoblot analysis with protein extracts from rice embryos at various developmental stages. The OSVP1 protein was detected as early as 7 days after flowering (DAF); it was present at an approximately constant level up to 17 DAF and then the level decreased as the embryo approached maturity. A similar time course was observed for changes in the level of Osvpl mRNA (Hattori et al. 1994) . OSVP1 was detectable in dry mature embryos and isolated mature embryos that had imbibed water for 24 h, although the levels were much lower than those in the developing embryo. OSVP1 was not detectable after isolated mature embryos had been allowed to germinate for 3 days. An additional polypeptide with a lower molecular mass (approximately 80 kDa, indicated by an asterisk in Fig. 4A ) was detected in 24-h-imbibed embryos and in 3-day-germinated embryos. It may have been either a proteolytic product of OSVP1 or some other crossreacting polypeptide that was synthesized after imbibition. Figure 4B shows the distribution of OSVP1 among organs. Neither OSVP1 nor any immunologically cross-reacting protein was detected in extracts of shoot and root tissues by the OSVP 1-specific antiserum.
Expression of Osvpl in suspension-cultured cells at

Developmental aspects of the expression ofOSVPl-
Effects of ABA on the expression ofOSVPl in Oc cells -We examined the possibility that ABA might affect the level of Osvpl mRNA or OSVP1 protein, which would then induce the expression of ABA-regulated genes, such as Osem. Figure 5 shows time courses of changes in the levels of Osvpl mRNA and OSVP1 protein after treatment with ABA. The relative level of Osvpl mRNA increased transiently within 90min after ABA treatment and decreased thereafter (Fig.5A ). By contrast, the level of OSVP1 protein was not significantly affected by ABA (Fig.5B) .
OSVP1 is mainly localized in the nucleus-To determine the subcellular localization of OSVP1, we performed 2 , 3 . 4 , 5 , 6 (h) 12 3 4 5 6 7 8 a subcellular fractionation study using protoplasts prepared from Oc cells. Figure 6A shows that most of the OSVP1 protein was recovered in the crude nuclear fraction. However, a small amount of OSVP1 was detected in the post-nuclear fraction. Since nuclei were recovered quantitatively in an intact form in the crude nuclear fraction (Table 1) , it seems unlikely that the OSVP1 protein detected in the post-nuclear fraction was due to contaminantion from disintegrated nuclei. The results suggest that a large proportion of OSVP1 protein is localized in nuclei, with remainder being in the cytosol. Nuclear localization of the OSVP1 protein was further confirmed by an immunocytochemical study (Fig. 6B) . Localization of OSVP1 protein in the protoplasts was visualized by staining with affinitypurified OSVP 1-specific antibodies and FITC-conjugate 
(h) *-OSVP1
-OSVP1
• second antibodies. The nuclei of the same protoplasts were stained simultaneously with DAPI ( Fig. 6B-b) . Intense fluorescent signals due to FITC were observed in the nuclei (Fig. 6B-c) . Non-specific rabbit IgG (control) gave only faint signals if any (data not shown). The observation that OSVP1 was mainly localized in the nucleus is not surprising, since (OS)VPl is a transcription factor and had a putative nuclear localization signal (Hattori et al. 1994 ). However, it should be noted that OSVP1 was found in the nuclei in the absence of ABA and, moreover, the amount of OSVP1 protein in the crude nuclear fraction did not (Fig. 6C ).
Discussion
It has been postulated that (OS)VP1/ABI3 is a major determinant of tissue-specificity for seed-specific ABA-regulated genes, such as Em homologues (Parcy et al. 1994 , Hattori et al. 1992 ). The expression of Osem is normally seedspecific and is expected to be dependent on OSVP1, the expression of which is also seed-specific (Hattori et al. 1994) . Thus, the observation that Osem was strongly induced by ABA in the rice cell line Oc led us to postulate that Osvpl might be expressed in this cell line. In fact, we were able to detect the expression of Osvpl in the cultured cells line at both the mRNA and the protein level. This finding is in agreement with the idea that VP1/ABI3 is a transcriptional regulator that defines the tissue specificity of the expression of certain ABA-regulated genes.
In normal plants, expression of Vpl/ABI3 is strictly seed-specific. Therefore, the finding that Osvpl was expressed in cultured cells is somewhat surprising. Although this expression could have resulted from the unregulated expression of Osvpl in dedifferentiated cells, it is possible that the cell line retained some properties of the embryonic cells, from which the cell line was originally derived (Baba et al. 1986 ).
Cultured cells have many advantages over whole plant or tissue systems for biochemical and physiological studies, for example, the constant availability of materials; the convenience and effectiveness of labeling and chemical feeding and the uniformity of cell populations. The rice cell line Oc, which expresses Osvpl, provides a useful system for studies of molecular mechanisms of the VP1 -dependent expression of ABA-regulated genes. Using this cell line, we first examined the possibility that the expression of Osvpl might be enhanced by ABA, whereby the downstream ABA-regulated genes would be activated. We found, however, that this was not the case. Although we observed a transient increase in the level of Osvpl mRNA 1.5 h after the start of treatment with ABA, no significant change in the level of OSVP1 protein was detected. The physiological significance of the transient increase in the level of Osvpl mRNA is unknown. During normal embryonic development, such a transient increase in Osvpl mRNA would not be expected. Second, we analyzed the subcellular localization of OSVP1 by subcellular fractionation and immunocytochemistry and showed that most of the OSVP1 was localized in nuclei, even in the absence of ABA. Therefore, it appears unlikely that induction of Osem and other VPl-dependent ABA-regulated genes by ABA is achieved through relocalization of OSVP1 to nuclei. Since we used protoplasts derived from Oc cells for our studies of subcellular localization, one might argue that the high osmolarity of the protoplast medium could have caused relocalization of OSVP1 via elevation of the level of endogenous ABA. This possibility is, however, unlikely since the Osem promoter: :GUS fusion gene was clearly induced by exogenous ABA in the protoplasts (Hattori et al. 1995) . This indicates that the protoplasts could still respond to ABA.
In summary, we ruled out the possibility that an increase in the amount of OSVP1 protein available for the promoters of ABA-regulated genes, either through a change in the concentration of total or nuclear OSVP1 protein, activates the transcription of ABA-inducible genes. When an effector plasmid that directed expression of a fusion protein that consisted of OSVP1 and the DNA-binding domain of GAL4 was used to cotransfect protoplasts with a GUS reporter plasmid that had GAL4-binding sequences in its promoter, ABA did not cause any activation of the expression of the reporter gene, although clear activation of basal expression was observed (Terada and Hattori, unpublished data). Therefore, the ability of OSVP1 to activate transcription does not appear to be regulated by ABA. As mentioned above, it is postulated that VP1/ABI3 acts as transcriptional activator by interacting with a factor that binds directly to the promoter through protein-protein interaction. Another possible mechanism of ABA-induced transcriptional activation involving (OS)VPl is as follows. ABA might regulate the ability of (OS)VPl to interact with some other factor that, for example, binds directly to the ds-acting sequence for ABA/VP1 regulation after modification of the protein, such as phosphorylation. It should be possible to examine changes in phosphorylation in response to ABA using the specific antibodies against OSVP1 produced in the present study. To date, we have not obtained any evidence for changes that are induced in (OS)VPl in response to ABA. It seems likely that the ABAsignaling pathway leads to changes in some putative factor that interacts with (OS)VPl and/or binds to cis-elements for ABA/VP1 regulation. This proposal is favored by results from analysis of the Cl promoter, namely, that the cw-acting sequences for regulation by ABA and VP1 are partially separable but do overlap (Hattori et al. 1992 ). In addition, we have recently cloned a cDNA for a bZIP-type DNA-binding protein, OSBZ8, which binds to the ABA-response elements of Osem and other ABA-regulated genes, and we have shown that the expression of this bZIP protein is very rapidly induced by ABA without protein synthesis de novo (Nakagawa et al. 1996) . Although direct interaction between OSVP1 and OSBZ8 has not been investigated, this bZIP-type DNA-binding protein might be a candidate for the factor that receives a signal from ABA.
